Background: The conventional HIV testing algorithm in most of the developed countries consists of two tests: an HIV enzyme immunoassay capable of identifying HIV-1 and HIV-2 antibodies and a confirmatory HIV-1 Western blot or immunofluorescence assay. However, the current algorithm for HIV diagnosis in India uses three sequential antibody assays. There has always been doubt regarding the benefits of this algorithm. Objective: To determine the utility of the current diagnostic algorithm and to find out the proportion of indeterminate or discrepant results. Methods: Retrospective analysis of HIV antibody testing data was carried out over a period of five years after institutional ethics committee approval. The specimens positive with the screening test and negative with both the supplemental tests were labeled as discrepant. Specimens positive with any of the two tests (screening and one of the supplemental tests) and negative with the remaining supplemental test were labeled as indeterminate. These indeterminate specimens were confirmed by immunoblotting. Results: A total of 141,296 samples were tested. Of these, 71 (0.05%) samples were indeterminate and 292 (0.21%) were discrepant. Western blot was done on 60 indeterminate samples of which 10 (16.67%) were positive for HIV 1 antibodies, 14 (23.33%) were negative for HIV antibodies and 36 (60%) had indeterminate result. Conclusion: In view of the low numbers of indeterminate and discrepant results, the current algorithm appears to be appropriate in our resource constrained setting. However, the algorithm for HIV testing should also include DNA PCR testing facility to resolve western blot indeterminate results.
Introduction
The HIV testing strategies and relevant HIV testing algorithms of the National AIDS Control Organization (NACO), Government of India recommend the sequential use of three different HIV antibody assays for the diagnosis of HIV infection [1] . Commonly used tests for the same are rapid tests. Rapid HIV tests come in ready-to-use kits, which require no additional reagents or special equipment, and are reported to detect all subtypes with similar sensitivity and specificity. Most assays can be completed in a few easy steps, giving visual results in less than 20 minutes. Hence, report can be issued to the patient/client on the same day. These tests also have the added advantage that no special training or infrastructure is required for carrying out the same and are comparatively cost effective. High sensitivity tests are preferred for screening, while supplemental tests ideally have high specificity.
In contrast, the conventional HIV testing algorithm in most of the developed countries consists of two tests: an HIV enzyme immunoassay (EIA) capable of identifying HIV-1 and HIV-2 antibodies and a confirmatory HIV-1 Western blot or immunofluorescence assay (IFA) [2] [3] . These tests are comparatively more expensive and required specialized training, infrastructure and take more time.
However, there has always been doubt regarding the benefits of the three sequential tests algorithm. Also, when the results of the screening and supplemental tests are not the same (discrepant) or are indeterminate, the HIV infection status of the individual is determined through use of additional tests. These include a Western Blot assay, a Line Immuno assay, an enzyme-linked immunosorbent assay (ELISA) test for detection of antibodies and/or antigen, HIV DNA PCR and HIV-RNA viral load testing [4] [5] . NACO recommends the use of Western Blot assay/Line Immuno assay, for which the sample has to be referred to the National reference laboratory (NRL). Indeterminate results hinder clinical decisions, create more work, take up more resources in laboratories, and cause inappropriate anxiety to patients or even undesirable consequences [6] [7] . Hence, the present study was conducted to determine the utility of the current diagnostic algorithm in correctly identifying HIV infections and to find out the proportion of indeterminate or discrepant results at our centre over a period of five years.
Methods
A retrospective analysis of data was carried out for a period of five years from 2008 to 2012 after obtaining institutional ethics committee approval. All patients/clients including direct walk in clients, patients referred from outpatient department (OPD), indoor patients and pregnant women coming for ante-natal check-up were included in the study. HIV antibody testing was done as per strategy III of NACO for diagnosis of HIV [1] . One sample was collected per patient. The patients/clients were classified as HIV positive, HIV negative, HIV discrepant and HIV indeterminate based on their test results (Figure 1) . All specimens were first tested with a screening test with a high sensitivity (as per supply from NACO). Samples non-reactive by this test were reported as negative. Samples reactive with the first test were subjected to 2 nd and 3 rd supplemental tests (immunochromatography and immunofiltration rapid tests as per NACO supply) which were more specific. The order of sequential antibody assays was the same in all the samples tested. Specimens which were reactive with all the three tests were reported as positive. Specimens which were positive with the screening test and negative with both the supplemental tests were labeled as discrepant. Specimens which were positive with any of the two tests (screening and one of the supplemental tests) and negative with the remaining supplemental test were labeled as indeterminate. All patients/clients diagnosed as HIV indeterminate/discrepant were included in the study. The route of transmission for HIV indeterminate and discrepant patients was analysed. The indeterminate samples were sent to National Reference Laboratory for immunoblotting, the results of which were considered final and reported to the patients/clients. To label a sample as HIV-1 positive by western blot, detection of at least two env bands (gp 160/gp 41 and gp 120) and either gag (p17/p24/p55) or pol (p31/p51/p66) was necessary. The samples in which any viral specific bands were present but did not meet the criteria for HIV-1 positivity were reported as western blot indeterminate.
Results
A total of 141,296 samples were tested for HIV antibodies over a period of five years. Out of these 71 (0.05%) samples were indeterminate for HIV antibodies and were subjected to immunoblotting ( Table 1 ). Of the 71 indeterminate samples, western blot (WB) was done on 60 samples. 11 samples could not be sent for WB as the sample quantity was insufficient and patients did not come for follow up.
Of the 60 samples which were tested by WB, 10 (16.67%) were positive for HIV 1 antibodies. 14 (23.33%) were negative for HIV antibodies and 36 (60%) had indeterminate result (WBi). p24 band was positive in 66.67% (24/36) and gp band in 160 in 50% of the WBi samples.
Of the total 141,296 samples tested, dot immunoassay was used as the screening test in 112,597 (79.7%) samples and Immunochromatography in 28,699 (20.3%). In case of all 14 samples which were reported as negative by western blot, the first test was immunochromatography. Dot immunoassay was the screening test in all the 10 positive samples by western blot.
Discrepant results were seen in 0.21% (292/141,296) of the samples which were reported as negative. On comparison between the two screening tests it was seen that Dot immunoassay yielded discrepant results in 0.21% (238/112,597) of the samples whereas Immunochromatography in 0.19% (54/28,699).
Discussion
HIV/AIDS is a major concern of health care professionals all over the world. NACO recommends following "3C"s for the diagnosis of HIV infection namely Counseling (both pre-and post-test), Consent (written and informed) and Confidentiality. Government of India under National AIDS Control Program (NACP) has established multiple Integrated Counseling and Testing centers (ICTCs) across India as a key entry point for HIV related services. Since the first case was detected in India in 1986 the epidemic has seen many changes over the last 27 years. Currently, because of the increased awareness about the disease created through sustained efforts, though the number of tests performed for HIV diagnosis has increased, the positivity is decreasing ( Table 1) .
In most of the developed countries, the conventional HIV testing algorithm consists of two tests: an HIV enzyme immunoassay (EIA) capable of identifying HIV-1 and HIV-2 antibodies and a confirmatory HIV-1 Western blot or immunofluorescence assay (IFA) [2] [3].
However, due to resource and technical constraints, NACO recommends Strategy/Algorithm III for the diagnosis of HIV infection wherein the patient's blood specimen is tested by three serial antibody tests. Western Blot is done as a supplemental test only to resolve indeterminate results and not for confirmation of HIV status. Reported causes of indeterminate or discrepant rapid test results include early HIV infection [8] - [12] and false positive reactions due to malaria, pregnancy, syphilis, hepatitis B or endemic infections [13] - [17] .
There has always been doubt regarding the benefits of this algorithm. However, in the present study indeterminate results were obtained in only 0.05% (71/141,296) of the total samples tested. A study by Thakral et al. in a study on blood donors had similar results (indeterminate results in 0.06% of samples) [18] . Also, discrepant results were seen in only in 0.21% of the samples. Hence, considering the diagnostic accuracy of three serial rapid tests used for testing the huge number of samples in the present study, the current algorithm used for HIV diagnosis in India under NACP appears to be appropriate for use in resource and technical constrained settings.
As per the strategy, the patients with discrepant result were issued a negative report and were not followed up and are a limitation of the study. However, Boeras et al. in their study on couples with indeterminate and discrepant result have reported that follow up testing is generally not necessary for individuals with screening test positive and second and third test negative and a negative partner [19] .
At ICTC patients/clients are issued reports on the same day but in case of indeterminate results, the sample has to be sent to the higher reference laboratory for western blot; the result of which may take up to two weeks. HIV infection has a tremendous psychosocial impact. The stigma of being informed about HIV positive status creates personal and family rifts. It is very stressful for the client to await the final report. In India under NACP III, Western blot is the only option available to resolve cases which are indeterminate by rapid tests.
In the present study, even WB could not solve the problem of indeterminate status in 60% of the cases. The reported causes of indeterminate WB (WBi) result include systemic lupus erythematosus, rheumatoid factor, leprosy, post-measles virus infection, elevated bilirubin, polyclonal gammopathies, hemodialysis, autoimmune diseases, malignancies, urologic disorders, sexually transmitted diseases, and multiple blood transfusions [20] - [24] . However, we could not find any correlation of the indeterminate rapid or WB results with respect to age, gender, route of exposure and/or clinical condition of the patient.
The prime concern with WBi result as seen in 60% of patients in the present study is obviously the derived uncertainty in decision making for diagnosis, and hence, the ultimate objective in managing WBi results is to enable the differentiation of a true infection from nonspecific reactions. Currently, these patients have no other choice left than to do repeat testing after three months. However, the clients when asked to come for repeat testing, even after pre and post test counseling are lost to follow up. There are tests which can be done to establish diagnosis in WBi cases such as DNA PCR, RNA PCR and p24 antigen detection. Under NACO, DNA PCR is available free for early infant diagnosis of infants born to HIV positive mothers. Efforts can be made at the national level to make this test available for patients with indeterminate results free of cost. This would reduce the stress on the part of patients and will help in better management of these patients.
Sethoe et al. has reported that, no true case of sero conversion was evident in follow-up studies after a confirmation of negative results by PCR methods among the 26 samples from 23 individuals having screened positive but with WBi results [25] . Various long term follow-up studies have also revealed no evidence of HIV infection of healthy individuals who had persistent WBi results [26] - [30] . The CDC has recognized the existence of WBi results in low prevalence cohorts and has implemented guidelines for designating those individuals negative when no risk factors were involved and no changes in immune reactivity profiles were obtained with follow up testing [31] .
Hence, in our scenario till there is a change in the strategy for indeterminate test results, it is appropriate to propose that in a patient with no known risk factors, a WBi result can be treated as negative if it is not accompanied by positive molecular test result.
Out of the 71 indeterminate samples, nine belonged to pregnant females enrolled under the PPTCT program. WB could be done for eight of these samples. Indeterminate results were obtained in 6/8 samples (75%), and 2/8 (25%) were negative by WB. This is expected as pregnancy is a known cause of false positive antibody results. However, as per Indian culture, many pregnant females go to their maternal place for delivery which makes it difficult to trace them in case of indeterminate results. Under the PPTCT program there are no set guidelines for procedure in case of consistent indeterminate results in pregnancy or in women with indeterminate result presenting directly in labour. Hence, tests which can resolve this indeterminate status will go a long way not only in protecting the unborn baby against HIV infection by timely prophylaxis but also in alleviating the stress of the woman and her family during her pregnancy.
Under the NACP, the test supplied to all the ICTCs in India usually has Dot immunoassay as the principle of the screening test and Immunochromatography & Immunofiltration as principle of the supplemental tests. Rarely, the screening and supplemental tests have the same principle; but in that case they have different antigens.
In case of all the ten samples which were negative by western blot, both the screening test and the first supplemental test were Immunochromatography assays with different antigens and were reactive while the second supplemental test (immunofiltration assay) was non-reactive. In six of these ten samples, additional 4th (immunofiltration) and 5 th (ELISA) tests were also done in the reference laboratory, which were also negative in all samples. From these findings it appears that tests utilizing the principle of immunochromatography are sensitive and can be used as screening tests. However, it is likely to give more false positives if two out of the three rapid tests are based on the same principle even if they use different antigens.
Notably, the band for reactivity to p24 viral protein has been reported to be the most frequently occurring band among all the WBi patterns regardless of cohorts or study settings [23] [32] [33] . One of the possible suggested reasons for this could be that, the auto antibodies cross reacting with p24 are seen in autoimmune diseases like SLE [20] [21] . Anti-gp120/gp160 bands are reported to appear much less frequently and occurrences are more likely to be associated with the HIV-1 high-risk group [23] or with individuals having silent infection [34] . These findings correlate with our study where p24 band was seen in 66.67% (24/36) and gp160 in 50% (18/36) of the WB indeterminate samples.
Conclusion
To conclude, the current algorithm used for diagnosis of HIV infection appears to be appropriate in our resource and technical constrained setting. Serial tests used for antibody testing should preferably have different princi-ples rather than different antigens to reduce false positivity. For better management of patients with indeterminate results, counseling services should be strengthened to prevent loss from following up. Also, efforts should be made to provide DNA PCR testing facility free of cost to resolve WBi result in our national HIV testing policy.
